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I show that model dependencies in the analysis by Dessert, Rodd & Safdi
(2020) relax their claimed constraint by a factor of ∼20. After including con-
servative model choices, the derived limits are comparable to or slightly better
than limits from previous searches. Further model tests and expansion of the
data energy may enhance or relax sensitivity of the methodology.
Introduction
Since 2014, an unidentified X-ray line (UXL) that is attributable to dark matter (DM) decay
has been detected in a large number of observations (for a review, see, e.g. (1)). The paper by
Dessert, Rodd & Safdi (2020) (2) (hereafter DRS) uses a large sample of observations by the
XMM-Newton X-ray Space Telescope to search for and place constraints on the presence of this
line while masking the targets of those observations, typically compact stellar remnants and
other X-ray luminous astrophysical sources. The paper by DRS concludes with the claim, “Our
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analysis rules out the decaying DM interpretation of the previously observed 3.5-keV UXL
because our results exclude the required decay rate by more than an order of magnitude.” Given
limitations in model selection and data selection in that analysis, I show that the claimed limit
of DRS is over-stated by at least a factor of 20.
Model Dependencies
When considering the models that contribute to the interpretation of observations that place
a limit on model features, and when there exists no prior information that differentiates or
prefers one of those models, the model with the most conservative limit should be selected.
Placing constraints on the DM component of our Galaxy depends on its distribution, which is
provided by models constrained by other data as well as physical constraints and expectations
from simulations of our Galaxy’s formation. In addition, model choices of the continuum and
line X-ray emission in the regions of interest are also important to interpret new X-ray signals
that may exist in the data.
Dark matter density normalization and profile
Constraints on flux from DM is highly dependent on the amount of DM inferred to be present
in the observations. DRS choose a local density of the DM of 0.4 GeV/cm3 in our Milky
Way Galaxy’s halo. The inferred density has a wide range of values from different techniques.
Among the most robust determinations of the local dark matter density from the velocities of
K-dwarf stars measured by the Sloan Digital Sky Survey, which finds 0.28±0.08 GeV/cm3 (3).
Just as importantly, hydrodynamic simulations of MW-like galaxies also show the presence of
a core in the dark matter density profile with a size of roughly a kpc (4) in response to the
presence of the stellar bar (5). A similar core also arises in simulations with a fixed disk and
bulge potential (6). The effect of a cored profile was included in a test of in the SM of DRS,
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but not the model dependence of the local density. Conservatively adopting the lower local
density above and the cored density profile combine to relax the line limit in DRS by a factor
of approximately three.
Other X-ray Lines within the Energy Range
DRS chose to analyze a very narrow energy range, from 3.3 to 3.8 keV, even though the energy
resolution of the instruments is∼0.1 keV. Even within that narrow range, two groups of non-DM
lines are known to contribute: at 3.3 keV and 3.7 keV. Many of the lines of sight point toward the
Galactic plane and by-design include astrophysical sources that could contribute high-energy
line transitions, even in their outskirts. The 3.3 keV line is thought to be a combination of
AR XVIII, S XVI and of K Kα instrumental lines, and there are two weaker lines at 3.7 keV,
potentially an AR XVII complex and/or instrumental Ca Kα line. Both the 3.3 and 3.7 keV
lines have been detected in other deep XMM-Newton observations, several years ago (c.f. (7–9)).
When including the 3.3 and 3.7 keV lines, the SM in DRS finds that the limit on DM flux is
relaxed by a factor of ∼8.
To test the potential presence of the 3.3 and 3.7 keV lines in the DRS data, I fit to their
published spectra for both the PN and MOS observations including these lines and a power-
law background. For the PN data, the 3.3 and 3.7 keV lines were preferred at 4.3σ and 2.8σ,
respectively. For the MOS data, the 3.3 and 3.7 keV lines were preferred at 3.5σ and 1.6σ,
respectively. When including both lines, the bounds on the inclusion of the 3.5 keV line were
relaxed at about a factor of ∼10 for both the PN and MOS observations, and this is consistent
with the SM results in DRS, which used the full framework of their joint-likelihood analysis.
Shown in Fig. 1 are example a cases where the 3.5 keV is at its 95% upper limit flux for both
the PN and MOS instruments, which shows how the data prefers the presence of the 3.3 and 3.7
keV lines, and could include the 3.5 keV line with appreciable flux.
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Figure 1: The data from DRS are shown in blue points with errors. I refit to this data and find
preference for the extra 3.3 and 3.7 keV lines at 4.3(3.5)σ and 2.8(1.6)σ, for the PN (MOS)
case, respectively. In the models shown here, I take the 3.5 keV line to be at its 95% limit, with
the corresponding best fit power law and 3.3 & 3.7 keV lines. Model components are shown
with the power law (PL) plus each line individually, plus the full model.
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The preference for the inclusion of the 3.3 and 3.7 keV lines begs the question as to what the
results would be when including data outside of the 3.3-3.8 keV window, which would further
constrain the presence of these lines as well as others at 3.1 keV, 3.9 keV and 4.1 keV, and
provide for a more complete measure of the potential presence of the 3.5 keV line. A broader-
spectrum analysis is certainly called-for given the presence of lines within the energy region of
interest, but is beyond the scope of this comment. Such broader analysis could provide stronger
constraints, or potentially detect the 3.5 keV line as other work with archival XMM-Newton data
has done (10).
Conclusion
I have highlighted a number of model choices in the DM density profile and X-ray spectral line
backgrounds that relax the constraints claimed in DRS by at least a factor of ∼20. Many of
these model choices, but not all, were included in the SM of DRS, though the conclusions of
DRS did not commensurately reflect the model dependency of their claimed limit. Appropriate
conservative model selection relaxes the claimed constraints to at least those shown in Fig. 2.
When expanding the spectral region to further characterize all components as well as the poten-
tial DM contribution, the constraint may relax even further, could strengthen, or even reveal a
3.5 keV line consistent with other observations.
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Figure 2: Shown here is the newly derived limit inferred from DRS when including the DM
density profile uncertainties and the presence of lines at 3.3 and 3.7 keV. I use the extra lines
limit from the SM of DRS, combined with the DM density profile uncertainties presented here.
Also shown are the parameters consistent with previous observations’ detections of the 3.5 keV
line as well as commensurate limits (for description, see Abazajian (2017), (1)). Expanding the
narrow energy window studied in DSR may enhance or relax the constraint further.
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